We investigate the evolution of differential emission measure distribution (DEM [T]) in various phases of a B8.3 flare, which occurred on July 04, 2009. We analyze the soft X-ray (SXR) emission in 1.6-8.0 keV range, recorded collectively by Solar Photometer in X-rays (SphinX; Polish) and Solar X-ray Spectrometer (SOXS; Indian) instruments. We make a comparative investigation of the best-fit DEM[T] distributions derived by employing various inversion schemes viz. single gaussian, power-law, functions and Withbroe-Sylwester (W-S) maximum likelihood algorithm. In addition, SXR spectrum in three different energy bands viz. 1.6-5.0 keV (low), 5.0-8.0 keV (high) and 1.6-8.0 keV (combined) is analyzed to determine the dependence of the best-fit DEM[T] distribution on the selection of energy interval. The evolution of DEM[T] distribution, derived using W-S algorithm, reveals the plasma of multi-thermal nature during the rise to the maximum phase of the flare, while of isothermal nature in the post-maximum phase of the flare. Thermal energy content is estimated considering the flare plasma to be of 1) iso-thermal and 2) multi-thermal nature. We find that the energy content during the flare, estimated from the multi-thermal approach, is in good agreement with that derived using the iso-thermal assumption except during the maximum of the flare. Further, (multi-) thermal energy estimated employing low-energy band of the SXR spectrum result in higher values than that derived from the combined-energy band. On the contrary, the analysis of high-energy band of SXR spectrum lead to lower thermal energy than that estimated from the combined-energy band.
INTRODUCTION
Solar flare is one of the most energetic phenomena occurring in the atmosphere of our Sun, releasing typically 10 27 -10 32 ergs of energy in ∼ 10 3 s. This immense energy release is understood to be powered by the magnetic energy via the process of magnetic reconnection (Shibata 1999; Jain et al. 2011a; Choudhary et al. 2013; Aschwanden et al. 2014; Dalmasse et al. 2015) . A typical M-class solar flare can be observed across almost entire electromagnetic spectrum (Benz 2008; Fletcher et al. 2011) . Therefore, various energy release processes occurring at various heights in the solar atmosphere can be probed by the investigation of the observed multiwavelength flare emission.
X-ray emission during solar flares mainly originates from the corona and upper chromosphere. Moreover, X-ray emission recorded during a flare can serve as the best probe of studying various plasma processes of thermal and non-thermal character (Li et al. 2005; Saint-Hilaire & Benz 2005; Jain et al. 2008; Awasthi et al. 2014) . Low-energy X-ray emission (< 10 keV), also known as soft X-ray (SXR), *arun.awasthi.87@gmail.com/awasthi@astro.uni.wroc.pl is understood to be originated in the process of freefree, free-bound and bound-bound emission due to collision of charged particles (mostly electrons) having thermal (Maxwell-Boltzmann) distribution. On the other hand, high energy X-ray emission (hard X-rays) is known to be produced as a consequence of thicktarget bremsstrahlung of non-thermal electron beam with the dense plasma in the chromosphere (Brown 1971; Kulinová et al. 2011) . Moreover, SXR emission during a flare is understood to be produced by multithermal plasma (Aschwanden 2007; Jain et al. 2011b; Sylwester et al. 2014; .
The study of thermal characteristics of the flare plasma is made by the inversion of observed X-ray spectrum through postulating an empirical functional form of differential emission measure distribution (DEM [T] ). Although DEM[T] plays a key role in deriving thermal characteristics and in turn energetics of the flare plasma, it is less accurately known owing to the fact that inversion of observed radiation needs to be performed which is very ill-posed problem (Craig & Brown 1976) . Moreover, several DEM [T] schemes which postulate certain functional dependence of DEM on T viz. single gaussian, bi-gaussian, power-law etc. have been pro-posed (see for exhaustive list of schemes). Further, a Withbroe-Sylwester (W-S) maximum likelihood DEM inversion algorithm has been established by Sylwester et al. (1980) where the functional form of DEM [T] is not a-priori defined. In this regards, a comparative survey of the aforesaid DEM schemes in the form of derived thermal characteristics of the flare plasma is very necessary provided application of various inversion schemes result in similar outcome. In addition, an inevitable restriction on deriving the complete thermal characteristics of the flare plasma is posed by the availability of observations from different instruments in certain specific energy-bands only. Thermal emission can be best studied by measuring the X-ray spectrum in typically 1-12 keV energy band. Observations in aforesaid energy band with high spectral and temporal cadence is very difficult to achieve from a single instrument due to huge difference of flux during a flare across the said energy band.
Therefore, we examine temperature dependence of differential emission measure from the analysis of multiinstrument data for a B8.3 flare which occurred on July 04, 2009. As the flare selected for the analysis is the only event common between Solar Photometer in X-Rays (SphinX; a Polish instrument) and Solar X-ray spectrometer (SOXS; an Indian instrument), combined data-set provides a unique opportunity for exhaustive study of the complete thermal characteristics of a small flare. Both the instruments make use of Si PIN detectors for observing solar atmosphere in X-ray waveband. Section 2 presents observations used for the present study and the specification of respective instruments. In Section 3, we present the study of DEM[T] distribution derived by employing different inversion schemes and it's dependence on the selection of energy band of input SXR spectrum. In Section 4, thermal energetics of the flare, estimated from the parameters derived from various schemes, is presented. Section 5 is comprised of the summary and conclusions.
OBSERVATIONS
We investigate a B8.3 intensity class flare which occurred on July 04, 2009 in an active region AR11024. AR 11024 appeared on the disk on July 3, 2009 and rotated off the disk on July 15, 2009. More than 500 flares or small brightenings have been observed with SphinX mission on the soft X-ray light curve during that time. Figure 1 shows the temporal evolution of X-ray emission recorded by SphinX during the aforesaid period.
The SOL2009-07-04T04:37 flare, selected for the present study, is the only event observed in common by SphinX and SOXS missions due to the fact that SOXS mission usually observed the Sun in X-rays for only 2-3 hours in a day. We analyze the X-ray spectra in 1.6-5.0 keV and 5.0-8.0 keV energy bands, recorded from SphinX and SOXS missions, respectively. We briefly discuss the data and respective instruments' specifications as following:
Solar Photometer in X-Rays (SphinX) mission
We analyze X-ray spectra in 1.6-5.0 keV (hereafter low-energy band) from the SphinX instrument (Gburek et al. 2011; Sylwester et al. 2012; Gburek et al. 2013 ). SphinX, a spectrophotometer designed to observe solar corona in soft X-rays, was flown on-board the Russian CORONAS-PHOTON satellite on January 30, 2009. SphinX employed three Si PIN diode detectors to record X-rays in the energy range ∼ 1.2-15.0 keV. The temporal and spectral cadence of SphinX observations are as good as 6 µs and 0.4 keV, respectively. Detailed information regarding the observations, procedure for calibration and data warehouse may be referred from Gburek et al. (2013) and from the SphinX instrument homepage 1 .
2.2. Solar X-ray Spectrometer (SOXS) mission X-ray spectra in 5.0-8.0 keV (hereafter high-energy band) during the flare are obtained by the Solar Xray Spectrometer (SOXS) instrument (Jain et al. 2005 (Jain et al. , 2008 . SOXS employed two semiconductor devices, viz. silicon (Si) PIN detector for recording X-ray observations in the energy range 4-25 keV while Cadmium Zinc Telluride (CZT) detector for that in the energy range 4-56 keV. The energy resolution of the Si detector is ∼ 0.8 keV while that for CZT detector is ∼ 1.7 keV. The temporal cadence of the observations obtained from both the detectors is 3 sec during the quiet and gradual phase of the flare. However, on-board automated algorithm allowed to record the observations with 100 msec cadence during the rise to peak phase of the flare. The data obtained during the entire observing-span (May 2003 -April 2011 of SOXS mission and the analysis procedures are available on the instrument homepage 2 . In the present study, we employ the observations obtained from Si detector in view of it's better energy resolution and sensitivity in comparison to that of CZT detector.
Left panel of the Figure 2 presents the evolution of X-ray emission as observed by SphinX (top row) and SOXS (bottom row) missions during the flare in various energy bands plotted with different colors. Intensity curves shown by black and red colors represent the X-ray emission recorded by SphinX in 1.6-3.0 keV and 3.0-5.0 keV, respectively. Further, X-ray emission in 5.0-7.0 keV and 7.0-8.0 keV, drawn by blue and green colors, respectively are obtained from the SOXS.
It may be noted from the Figure 2 that SOXS receives higher background than that seen by SphinX. On the contrary, a comparison of the count rates recorded by SphinX and SOXS in 4-6 keV, the energy band commonly covered by both the instruments, revealed that SOXS observations are lower by a factor of ∼2.5. This may be attributed to the systematic difference of sensitivities between the two instruments. Mrozek et al. (2012) reported higher flux in SphinX 3-8 keV energy band in comparison to the observations obtained in the same energy range from RHESSI mission by a factor varying in the range of 2-6. On the other hand, the comparison of SOXS and RHESSI observations in 6-12 keV energy band has been performed by Caspi & Lin (2010) , which resulted in the agreement of the spectra, obtained from both the instruments, within 5%-10%. In this study, we prepared combined-data by applying the aforesaid 'empirical normalization factor' in the records obtained from SOXS. On the other hand, we consider the flux recorded by SphinX as the true flux owing to the fact that this is the only instrument available to observe X-ray emission in the energy less than 4 keV during the flare. Therefore, the difference of inter-instrument sensitivity and hence normalization factor in the aforesaid energy range can't be established. However, in order to study the effect of this approximation, we have also carried out the investigation of emission measure distribution by applying the inverse normalization factor on the SphinX records while retaining the SOXS counts as such. We discuss the effect of both the aforesaid cases on the thermal energy estimates as presented in the Section 4.
2.3. Geostationary Operational Environmental Satellite (GOES) Geostationary Operational Environmental Satellite (GOES ) refers to a series of satellites dedicated to observe X-ray emission from Sun-as-a-star in two wavelength bands viz. 1.0-8.0Å and 0.5-4.0Å. Right column of the Figure 2 shows the background subtracted flux in 1.0-8.0Å and 0.5-4.0Å bands plotted by black and red colors, respectively. We treat the observations averaged during 04:20-04:25 UT as the background. Temperature and emission measure (EM) estimated from the flux-ratio technique adopted for GOES data are also plotted in the middle and bottom rows of the right panel of Figure 2 , respectively. It may be noted that temperature is found to be varying in the range of 7-12 MK while the EM in the range of 0.003-0.08 ×10 49 cm −3 . We use these T & EM estimates to calculate the thermal energy during the flare (cf. Section 4).
Morphology of the flare in Extreme Ultraviolet
(EUV) emission Temporal and morphological evolution of the flaring region is studied from the observations obtained from EUV Imaging Telescope (EIT) (Delaboudinière et al. 1995) on-board Solar and Heliospheric Observatory (SOHO). Moreover, images in 171, 284 and 304Å wavelength, recorded by STEREO twin-satellites, are also processed. In Figure 3 , we present the morphological evolution of the flaring region in 171 and 304Å during the flare as obtained from STEREO-A & B.
From the time sequence of the EUV images presented in Figure 3 , we note that although the flare event considered is of a small B8.3 intensity class, it is associated with an eruption. The study of the eruption is out of the scope of the aim of this paper. We estimate the volume of the emitting region from the EUV images to derive thermal energetics of the flare as presented in section 4.
DEM[T] DISTRIBUTION FROM THE APPLICATION OF VARIOUS INVERSION SCHEMES
In order to study thermal characteristics of the flare plasma, we make an exhaustive investigation of evolution of DEM[T] relationship employing the X-ray spectra observed from SphinX and SOXS. We explore the dependence of DEM[T] distribution, which is derived by employing various inversion schemes on the SXR spectra of various energy bands viz. 1.6-5.0 keV (lowenergy), 5.0-8.0 keV (high-energy) and 1.6-8.0 keV (hereafter combined-energy). This study aims to understand the dependence of the best-fit DEM[T] representing a selective part of the SXR emission, which in turn presents the consequence of restrictions posed by the co-temporal observations recorded in separate energy bands from different instruments viz. SphinX and SOXS. In this study, we employ the DEM inversion schemes which postulate (1) single-gaussian and, (2) power-law functional relationship of DEM with T. In addition, we also employ (3) a well-established Withbroe-Sylwester (W-S) maximum likelihood inversion algorithm which is independent of a-priori assumption of a functional form of DEM [T] . In the following, we present the thermal characteristics of X-ray emission during the flare as derived by applying aforesaid inversion schemes.
3.1. DEM varying as a single-gaussian function over temperature We investigate the best-fit DEM[T] distributions, obtained by employing the scheme of single-gaussian functional dependence of DEM on T , on the observed SXR spectrum in the low, high and combined energy bands. However, firstly, we also employ this DEM scheme on synthesized model multi-thermal spectrum. Below we discuss the aforesaid two cases.
DEM[T] distribution of a synthesized model multi-thermal spectrum
We synthesize multi-thermal photon spectra by the model photon flux arrays corresponding to iso-thermal plasma in the temperature range of 1-23 MK with a temperature bin of log T =0.1 MK. Iso-thermal photon spectrum at specific temperature and emission measure is calculated by using the iso-thermal model (f vth.pro) available in SPectral EXecutive (SPEX) package within SolarSoftWare (SSW). We derive EM values corresponding to a temperature from the emission measure model of Dere & Cook (1979) , and also available in CHIANTI atomic database (Landi et al. 2012; Del Zanna et al. 2015) . In addition we consider the abundance to be 0.1 times the coronal abundance available in the CHIANTI distribution. Next, the multi-thermal photon spectrum is derived by the weighted sum of iso-thermal spectra in following manner.
Here F (T k , EM k ) is the iso-thermal photon flux and shown by grey colour (dotted) plots in Figure 4 while the multi-thermal flux (F MT ) synthesized in such a way is over-plotted with red color. Further, w k is the weight factor which is assumed to be a normalized gaussian function of temperature with the maximum at T =5.6 MK and FWHM of ∼5 MK as shown in panel [d] of the Figure  5 . Such integration allows more realistic scheme of synthesizing theoretical multi-thermal spectra than the one adopted in Aschwanden (2007) and Jain et al. (2011b) . They use direct sum of iso-thermal fluxes with equal weight, in which the synthesized multi-thermal photon spectrum is dominated by the contribution from isothermal spectrum corresponding to the peak temperature. Next, we forward fit the synthesized multi-thermal spectrum using DEM varying as a single-gaussian function of T. The form of the DEM[T] is considered as
where T p is the temperature at the peak of DEM [T] while σ is the gaussian width. By iteratively varying the independent variables of Equation 2 viz. T p , σ etc., a photon flux best-fit to the input synthesized multithermal photon spectra is derived. It is to be noted that the minimum and maximum temperature values for deriving the DEM[T] are fixed to 0.087 keV (1 MK) and 8.5 keV (100 MK), respectively. The best-fit is assessed by estimating reduced χ 2 in each step of iteration, which converges to a small value. Following the aforesaid procedure, we derive the best-fit parameters for the synthesized multi-thermal photon spectrum in the lowand high-energy bands. Next, we apply the similar procedure to derive the best fit parameters for the input photon spectrum in the combined-energy band. Panels [a] , [b] and [c] of Figure 5 show the synthesized input multi-thermal photon spectrum (grey color) overlaid by best-fit model flux drawn in black, blue and red colors for low-, high-and combined-energy bands, respectively. In addition, normalized residuals are also plotted with the respective panels. Moreover, panel [d] presents the DEM evolution corresponding to the best-fit model photon spectra.
From the aforesaid analysis, presented in Figure 5 , we find that the best-fit flux derived for the input photon spectrum in low-energy band (panel [a]) does not provide a good fit (over-estimation) to the higher energy part of the spectrum. On the other hand, the best-fit flux obtained for the high-energy band (panel [b] ) does not completely follow (under-estimates) the low-energy part of the spectrum. This trend is clearly represented in the form of normalized residuals, plotted with the respective panels. Panel [d] of the Figure 5 shows the DEM[T] for the best-fit model photon flux estimated for input photon spectrum corresponding to the low, high and combined energy ranges. This enable us to make a comparative study of the DEM[T] dependence on input energy bands selection. We note that the best-fit DEM[T] curves for the low and high-energy bands yield high peak values of DEM (DEM p )=1.72 × 10 49 cm −3 M K −1 , however at low temperature T p =7.8 MK for the former (low-energy band) case while relatively lower DEM p =1.66 × 10 49 cm −3 M K −1 at higher T p =8.2 MK for the latter case. Moreover, moderate DEM p at T p best fits the input spectra of combined-energy band.
DEM[T] distribution derived from observed X-ray emission during the flare
We analyze X-ray emission in the low (1.6-5.0 keV) and high (5.0-8.0 keV) energy bands, obtained from SphinX and SOXS, respectively during the flare. In this regard, we prepare a time-series of the spectra by integrating the observed X-ray emission into 120 second time intervals during 04:27-04:33 UT and 04:38-05:00 UT, corresponding to the rise and decay phase of the flare, respectively. On the other hand, better count statistics during 04:33-04:38 UT, corresponding to the impulsive phase of the flare enabled us to integrate the observation in 60 second time intervals. Time sequence of the spectra obtained in such a way serves as the input to the inversion scheme.
We forward-fit the observed SXR spectrum in the low-, high-and combined-energy bands with a model photon flux, which is derived by the inversion scheme employing a single-gaussian functional dependence of the DEM on T (cf. From Figure 6 , it may be noted that DEM p estimated from spectral fitting of the low, high and combined-energy band data are 1.40, 0.15 and 0.38 (×10 49 cm −3 MK −1 ), respectively. On the other hand, T p is estimated to be 6.37, 8.93 and 7.57 MK, respectively. It may be noted that the trend of the best-fit parameters viz. DEM p and T p for three cases of input energy band is in good agreement with that revealed by the study of model multi-thermal spectrum employing the same inversion scheme as presented in the previous section.
3.2. DEM varying as power-law function of T We derive the DEM[T] distribution for the X-ray spectra corresponding to various energy bands, similar to the analysis made in the previous section, however with different functional dependence of DEM on T . In this multithermal model, DEM is approximated to be varying with T in the form of power-law and can be expressed as: 
Next, employing this DEM scheme, we forward-fit the observed flare X-ray spectrum in low-energy band obtained from SphinX (black color) as shown in panel [a] of the Figure 7 . During the iterative procedure for obtaining the best-fit model, the low-temperature value is fixed to be 0.5 keV (5.8 MK) while the maximum temperature is determined as one of the outputs. All the spectra during various time intervals of the flare are analyzed, however here we present only the results from the observations during 04:36-04:37 UT, same as that presented in the previous section. X-ray emission in high-energy band, obtained from SOXS (blue color) is presented in panel [b] of the Figure 7 . Next, we also fit the observed X-ray spectrum in combined-energy band as shown in panel [c] . The best-fit models are over-plotted by red color lines in the respective plots. Parameters of the best-fit viz. T max , DEM (at T=2 keV) and the powerlaw index (γ) are also shown in respective plots. Panel [d] shows the derived DEM[T] curves corresponding to the best-fit models obtained for different energy ranges.
From Figure 7 , it may be noted that at the peak of the impulsive phase of the flare, T max estimated from the observation recorded by SphinX, SOXS as well as combined observations is 23.33, 19.58 and 18.47 MK, respectively. It may be noted that T max and DEM values estimated in such a way follow the same trend as that resulted in the previous DEM scheme. Moreover, the negative power-law index (γ) of the best-fit DEM[T] distribution corresponding to the SXR spectrum in low, high and combined-energy bands is estimated to be 5.46, 4.45 and 4.17, respectively. The less-negative (steeper) value of 'γ' for the high and combined-energy cases suggest enhanced contribution of high-temperature plasma than that obtained from the analysis of SXR emission in the low-energy band only.
Withbroe-Sylwester (W-S) maximum likelihood
DEM inversion algorithm We employ Withbroe-Sylwester (W-S) maximum likelihood DEM inversion algorithm (Sylwester et al. 1980; Kepa et al. 2006 Kepa et al. , 2008 on the X-ray spectra observed during the flare. The W-S algorithm is a Bayesian numerical technique which employs maximum likelihood approach in which the DEM distribution in one step of iteration 'j' (DEM j [T ]) is estimated from that derived in the preceding iteration (DEM j−1 [T ]), and by employing a correction factor (c i ) as well as weight factor (w i ) in the form given below.
Here, the correction factor, c i , is estimated from the ratio of the observed flux with the calculated flux, which is derived using previous DEM distribution form and can be expressed mathematically as: 
where, F cal,i is the calculated model flux and obtained by,
In the aforesaid function, f i (T ) is the theoretical emission function for energy 'i' and is derived using the CHIANTI package (Del Zanna et al. 2015) . The weight factor w i is estimated as:
Here, δ i is the uncertainty corresponding to the observations for energy 'i' and 'a' is termed as the speed convergence parameter. We apply the aforesaid W-S DEM inversion algorithm on the X-ray spectra obtained from SphinX and SOXS missions during the flare to obtain the best-fit photon flux and corresponding DEM[T] distribution. Coronal abundances from CHIANTI atomic database have been adopted while calculating theoretical dependence of spectral shapes. Top and the middle rows of the Figure 8 present the results of the application of W-S algorithm on the X-ray emission measured by SphinX, SOXS, respectively, during 04:27:30-05:00:00 UT, covering the entire flare duration. Moreover, bottom panel of the Figure 8 shows the same, however, corresponding to the combined data-set. Left panel shows the DEM[T] distributions obtained from the best-fit model (red) for the observations, shown in the right column.
From the application of W-S scheme, as shown in Figure 8 , we find the peak temperature (T p )= 10.0, 9.5 and 10.0 MK, and the total emission measure (EM) log(EM)=47.42, 47.17 and 47.41 (cm −3 ), corresponding to the SphinX, SOXS and combined-energy band data, respectively. This suggests that the trend of the parameters obtained by the W-S scheme for the three cases of the input energy bands is in agreement with that obtained from the previous schemes.
The aforesaid analysis is made for the spectra obtained by integrating the emission in the whole flare duration. Next, we derive the temporal evolution of DEM[T] distribution during various phases of the flare by applying W-S algorithm on the X-ray emission observed during various time intervals of the flare, as presented in Figure 9 . Left panels of the Figure 9 show the temporal evolution of best-fit DEM[T] distribution derived over various time intervals of the flare, while the respective right panels Interval: whole EM: 47.42 cm show the observed X-ray spectra in the combined-energy band (1.6-5.0 and 5.0-8.0 keV, observed by SphinX and SOXS) overlaid by best-fit model (red).
From Figure 9 , it may be noted that the best fit DEM[T] curve, obtained from the analysis of the X-ray emission measured during the flare onset time (04:27:30-04:29:45 UT), can be well approximated by a single gaussian function of T with a width ∼1 MK. Moreover, the peak temperature (T p ) is estimated to be 5.62 MK. On the contrary, the best-fit DEM[T] curve obtained by analysing the spectra during 04:31-04:34 UT, corresponding to the rise phase of the flare, resembles the double-peak gaussian with the increased widths (in comparison to that during the flare onset) ∼1.5 MK . Moreover, T p is estimated to be varying in the range of 6.3-14.1 MK. This reveals the signature of contribution of high temperature plasma in this phase in addition to the lowtemperature component, which was present during the flare onset. Further, DEM[T] derived for the spectra obtained during 04:32-05:00 UT, corresponding to the peak of the impulsive phase and decay phase of the flare, resulted in single peak gaussian nature, however, with peak temperature varying in the range of ∼ 13.0-5.5 MK.
It is intriguing to note that the best-fit DEM[T] distribution, obtained by integrating the emission in the whole flare duration, as shown in Figure 8 , can be well approximated to iso-thermal nature. On the contrary, temporal evolution of DEM[T] distribution over various phases of the flare suggests the presence of multi-thermal plasma during the rise phase of the flare. This apparent inconsistency may be explained by the fact that if the X-ray spectrum is integrated for the whole flare duration, it is dominated by the emission at the peak of the impulsive phase. Now, it may be noted that the best-fit DEM [T] , derived for the spectrum during 04:36:00-04:38:30 UT (corresponding to the peak of the impulsive phase, see 
THERMAL ENERGETICS OF THE FLARE
We estimate thermal energy content during various phases of the flare. We denote the energy content which is estimated employing the iso-thermal approach as the 'iso-thermal energy' while that derived considering flare plasma to be of multi-thermal nature is termed as 'multithermal energy'. Next, we make a comparative study of the multi-thermal energy content derived by the application of various DEM inversion schemes.
In order to estimate the iso-thermal energy content of the flare plasma, we derive the temperature (T ) and emission measure (EM ) by employing the technique presented in Gburek et al. (2013) on the high temporal cadence SphinX spectra. T and EM , derived in such a way vary in the range of 2.7-15.7 MK and 1.15-28.66 (×10 47 cm −3 ), respectively. Next, we derive the thermodynamic measure (η, see Sylwester et al. (1995) , Sylwester et al. (2006) ) which is associated with the thermal energy as follows:
Here, V is the volume of the emitting plasma. Thermodynamic measure, η, defined as T √ EM , characterizes the thermal energy of the plasma for the case of the constant volume of the emitting region. In this study, we derive the volume of the emitting region from the EUV images in 284Å, the hottest channel, as obtained from STEREO twin satellites. Figure 11 shows the sequence of images in 284Å during the flare, recorded by STEREO as well as in 195Å by EIT/SOHO. The contours drawn on the images are 5, 10 and 20% of the maximum intensity of respective images.
From Figure 11 , it may be noted that the contour of green color, corresponding to 20% of the maximum intensity best represents the emitting region. Volume of the region, assuming spherical geometry, is estimated as follows:
where 'R' is the equivalent radius [=(A/π) 1/2 ] of a circle having area (A) equal to that of the region within the isocontour of 20% of the maximum intensity (green color) of the images presented in Figure 11 . We estimate the temporal evolution of the flare volume from the images in several EUV wavelengths (171, 195 and 284Å) made available by STEREO and EIT/SOHO satellites, in the aforesaid manner. However, the volume estimated from the images of 284Å (representing the hot plasma region) is used for deriving thermal energetics of the flare. As STEREO provides the images of the region with a time cadence of 20 minutes, we interpolate the flare volume at intermediate times using cubic spline interpolation technique. The flare volume, derived in the aforesaid manner, varies in the range of 1.2-5.4 (×10 28 cm 3 ). Using the volume estimated above, we derive the time evolution of the iso-thermal energy content (E th ) during the flare using Equation 8 as plotted (black color) in Figure  12 . The iso-thermal energy content estimated in such a way varies in the range of 2-9 ×10 29 ergs. In a similar fashion, we also estimate the iso-thermal energy content employing the T and EM derived from the GOES observations (cf. Figure 2) . Thus the iso-thermal energy, as derived from the GOES observations, is found to be varying in the range of 1.5-6.5×10
29 ergs during the flare and shown by yellow color plot in the Figure 12 .
The estimation of source size may contain various kinds of uncertainties which is crucial to investigate as it is subsequently propagated to the thermal energy estimates. As the EUV source sizes are used with the DEM[T] distribution (derived from X-ray observations) while estimating the thermal energy content, a disagreement between the co-temporal source sizes within EUV and Xray waveband may become one of the major contributor to the uncertainty. Unfortunately imaging mode observations in X-ray waveband have not been available for this flare, and hence EUV images have been used in this study for source size estimation. Although the 284Å filter provides the peak temperature response (at ∼2MK), maximum among the other EUV wavelengths available from STEREO satellites, it is still quite far from flare plasma temperatures in which X-ray emission is obtained. In this regard, we estimate the co-temporal X-ray and EUV source sizes of thirteen flares of intensity class B1.1 -C1.0 which have occurred during July 04-06, 2009 in the active region AR11024. It may be noted that SOL2009-07-04T04:37, the flare of our present study, is also produced from the same active region. In this statistical investigation, we have used X-ray images obtained from HINODE /XRT while EUV images STEREO twin satellites in 195Å. The source size in both the aforesaid wavelengths is estimated employing the same approach as discussed previously. The comparative investigation has revealed that the source size estimated from the Xray images are systematically smaller than that derived from the EUV images whereas the ratio is varying in the range of 1.1-9.0 with a median value of 6. Next, imaging a asymmetric flaring region with the instruments that observe the Sun from different angles e.g. the observation of AR11024 with STEREO -A and B satellites (Figure 3) , may contribute to additional uncertainty in the source size estimation. In view of the same, we have also made a comparison of EUV source sizes estimated from 195 A images obtained from STEREO -A and B satellites for the aforesaid thirteen flares. This study revealed that the orthogonal view of the flaring region systematically results in larger source size by a factor varying in the range of 1.2-1.5 than that calculated from the images having on-disk view. As the uncertainty in the source size, arising due to the difference in EUV and X-ray source sizes is larger than than that occurred due to observing the region in different angles, the latter may be neglected while calculating the uncertainties in the thermal energy estimates. Thus, in conclusion, considering the fact that EUV source sizes are systematically larger than X-ray sources by a factor of 6, the volume derived from the same suffers an overestimation by a factor of 4. Employing the scheme of error propagation, the application of aforesaid uncertainty in the volume estimates may result in the overestimation of thermal energy content (Equation 9) by a factor of ∼2. We show the aforesaid uncertainty in the iso-thermal energy estimate in the form of associated filled area (light red color) in Figure 12 .
Next, we estimate the multi-thermal energy content of the flare with the help of the DEM[T] distribution, derived from the W-S inversion scheme, as per the following equation (Sylwester et al. 2014; :
The multi-thermal energy content derived in the aforesaid manner varies in the range of 1-7×10 29 ergs as plotted in the form of blue color histogram in Figure 12 . In the estimation of multi-thermal energetics, we have employed the combined data-set which is prepared from the X-ray emission in 1.6-5.0 keV as obtained from SphinX and in 5.0-8.0 keV (with the application of a normalization factor of '2.5') from SOXS (cf. Section 3). It may be argued that this scheme of normalization is biased. In this regard, we made a parallel case study in which the best-fit DEM[T] distribution is derived using combined data-set which, however, is prepared by applying the inverse normalization factor on the SphinX observations while considering SOXS observations to be true. This investigation resulted in the DEM values systematically lowered by a factor of 2.5 in comparison to that estimated in the previous case. On the other hand, the best-fit plasma temperature values remain unchanged (also see Mrozek et al. (2012) ). Therefore, considering the fact that DEM values in the former case are larger by the aforesaid factor i.e. 2.5, multi-thermal energy content is resulted to be overestimated by a factor of 4 (Equation 10). In this calculation, we have also included the uncertainty in the volume estimation obtained previously. In Figure 12 , we show the uncertainty in the multi-thermal energy estimates (blue) with the low error bars.
The comparison of iso-thermal and multi-thermal energy content for this flare (Figure 12 ) revealed that multithermal energy matches well with the iso-thermal energy during the rise and the decay phase of the flare. However, during the maximum of the impulsive phase, minor Figure 12 . Temporal evolution of the iso-thermal and multithermal energy content during the flare. Iso-thermal energy, estimated from SphinX observations, is plotted in black (smoothed in red) while that derived from GOES observations in shown in yellow color. Multi-thermal energy, derived by applying W-S algorithm on the SphinX & SOXS combined data is shown in the form of blue color histogram. The uncertainty in the estimation of isothermal energy content is shown by filled area (light red) while the same corresponding to the multi-thermal energy content is shown in the form of error bars (blue). disagreement in the form of lower values of multi-thermal energy in comparison to the iso-thermal energy is noted.
Next, we derive the multi-thermal energy from the best-fit DEM[T] distribution, obtained by employing various DEM schemes on the observed SXR spectrum in 1.6-5.0 keV (low-energy), 5.0-8.0 keV (high-energy) and 1.6-8.0 keV (combined-energy) bands, during the peak of impulsive phase of the flare (04:36:00-04:38:30 UT). Multi-thermal energy for the low-energy band SXR is estimated to be 177, 225 and 4.1 ×10 29 ergs, corresponding to the the single-gaussian, power-law and W-S DEM schemes, respectively. On the other hand, the energy content derived by employing the aforesaid DEM schemes on the high-energy band SXR is obtained to be 64, 65 and 1.5 ×10 29 ergs, respectively. Further, the multi-thermal energy is resulted to be 85, 91 and 4.4 ×10 29 ergs by applying the aforesaid DEM schemes on the combined-energy band SXR, respectively. By comparing the above mentioned energy estimates, we note that the flare energetics, estimated from the parameters derived only from the spectral inversion of the low-energy band of SXR spectrum leads to higher values than that obtained from combined-energy band case. On the other hand, the multi-thermal energies, resulted by applying various DEM schemes on the high-energy part of SXR spectrum, are estimated to be lower than that obtained from combined-energy band SXR spectrum. This trend is consistently noted in the energetics estimated employing all the aforesaid DEM schemes. On the contrary, we find that the best-fit DEM[T] distribution, obtained with the DEM schemes which postulate either the single gaussian or power-law functional dependence of DEM, leads to the overestimation of multi-thermal energy by approximately one order in comparison to that estimated from W-S algorithm.
SUMMARY AND CONCLUSIONS
We investigate the thermal characteristics of the flare plasma by analysing X-ray emission in the energy band 1.6-8.0 keV observed during SOL2009-07-04T04:37 flare, the only common event observed by SphinX and SOXS instruments. We derive the evolution of the best-fit DEM[T] distribution during the flare by employing various DEM inversion algorithms. In addition, we have also studied the dependence of the best-fit DEM [T] corresponding to various input energy bands within SXR emission. Following are the key points of our study: estimated from the parameters derived only from spectral inversion of the low-energy band (1.6-5.0 keV) of SXR spectrum result in larger values than that obtained from the analysis of the SXR emission in combined-energy band. On the contrary, the same derived from only the high-energy band of SXR spectrum leads to lower estimates when comparing with the energy values calculated from combined-energy band analysis. This trend is consistently resulted in the thermal energetics determined from all the DEM schemes. This suggests that the observations of SXR emission during a flare in the combined-energy band with high temporal and energy cadence is very important to derive the complete thermal energetics of the flare.
5. The best-fit DEM[T] distribution obtained for the DEM schemes which postulate either singlegaussian or power-law functional form of DEM-T curve, lead to the estimation of thermal energy content much higher by approximately one order than that estimated from the W-S scheme. This can be understood by the fact that the width of the best-fit DEM[T] distribution, obtained by employing single-gaussian approach (see Figure 6 ) is larger than that resulted by the application of W-S scheme ( Figure 9 ). It may be noted that this disagreement between various DEM inversion schemes, and hence thermal energy estimates can have significant impact in the context of coronal heating from low intensity class (micro-and nano-) flares. However, as X-ray emission covers only high-temperature corona, recent studies focussing coronal heating energized by small intensity flares also combine multi-wavelength observations with the X-ray emission during flares (Testa et al. 2014) . Moreover, several advanced schemes of DEM inversion viz. 'DEM manual' (Schmelz & Winebarger 2015) , 'EM Loci approach' (Cirtain et al. 2007 ), combination of gaussian and power-law functional form of DEM (Guennou et al. 2013; etc. have also been employed in deriving thermal characteristics of emission measure during small intensity class flares. Therefore, in future, we plan to extrapolate the application of W-S DEM inversion scheme on the combined EUV and X-ray observations during small flares in order to make a comparative survey of thermal energy content derived by W-S method and other DEM inversion schemes.
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